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DEGASlFlCATlON OF VIRGIN PITTSBURGH COALBED 
THROUGH A LARGE BOREHOLE 

H. H. Fields,' Stephen Kr ickovic ,2 Alber t  Sainato,3 

and M. G. Zabetak is4 

ABSTRACT 

The Bureau of Mines i s  i n  t he  process  of degas i fy ing  a  v i r g i n  a r ea  i n  
no r the rn  West V i rg in i a  from t h e  base  of  an 839-foot -deep v e r t i c a l  borehole .  
An i n  s i t u  gas  p re s su re  ho l e  199 f e e t  long,  and seven d e g a s i f i c a t i o n  ho l e s  
ranging i n  depth from 500 t o  850 f e e t  (average 618 f e e t )  were d r i l l e d  i n  an 
8 - f o o t - t h i c k  v i r g i n  P i t t sbu rgh  coalbed from t h e  enlarged (14-foot-diameter)  
bottom of t h i s  borehole .  The i n  s i t u  p re s su re  a t  t h e  back end of t h e  h o l e  
and t h e  range of gas  and water  flows from d e g a s i f i c a t i o n  ho l e s  a s  they were 
completed and c losed  o f f  were 203 p s i ,  79,000 t o  257,000 c f d  (average 160,000 
c f d ) ,  and 5  t o  8  gpm per  h o l e  (average 6.8 gpm), r e s p e c t i v e l y .  Twenty-four 
hours  a f t e r  t he  seven ho le s  were connected through ind iv idua l  water  t r a p s  t o  a  
common c o l l e c t o r  f o r  n a t u r a l  ven t ing  of t he  gas  through p ipes  t o  t h e  atmos- 
phere,  t he  t o t a l  gas  and water  flows and the  i n  s i t u  p re s su re  dropped, respec-  
t i v e l y ,  t o  971,000 c f d ,  1 . 3  gpm, and 18 p s i .  Eighty days l a t e r  t h e  correspond-  
i ng  va lues  dropped t o  529,000 c f d ,  0.50 gpm, and 13 p s i .  

A f t e r  180 days of d e g a s i f i c a t i o n ,  91 m i l l i o n  cubic  f e e t  of gas  had been 
removed from the  a f f e c t e d  v i r g i n  a r e a .  This r e p r e s e n t s  60 t o  70 pe rcen t  of  
t h e  gas  c a l c u l a t e d  t o  be contained i n  t h e  a r e a  of c o a l  a f f e c t e d  by the  ho l e s .  

INTRODUCTION 

The Bureau of  Mines has  been r e spons ib l e  f o r  t h e  promotion o f  h e a l t h  and 
s a f e t y  i n  mining s i n c e  i t s  es tab l i shment  i n  1910. P r e s e n t l y ,  i n  a d d i t i o n  t o  
o the r  a r e a s  of r e sea rch ,  i t  i s  engaged i n  methane c o n t r o l  involv ing  removal of 
methane from v i r g i n  coa lbeds ,  from major pane ls  being p i l l a r e d ,  and from o l d  
gobs. S p e c i f i c a l l y ,  t h i s  s tudy i s  an a t tempt  t o  determine t h e  e f f e c t i v e n e s s  
of long ho le s  d r i l l e d  i n  s o l i d  c o a l  i n  degas i fy ing  a  very  gassy v i r g i n  a r e a  of 
the  P i t t sbu rgh  coalbed.  

l ~ i n i n g  engineer .  
a Supervisory mining engineer .  
3 ~ i n i n g  engineer ing  t echn ic i an .  
4 ~ u p e r v i s o r y  r e sea rch  chemist.  



Methane e x i s t s  under  p r e s s u r e  i n  micropores ,  j o i n t s ,  and f r a c t u r e s  of 
gassy  coa lbeds .  I n  many mines i t  a l s o  i s  p r e s e n t  i n  a d j a c e n t  s t r a t a a t v a r i o u s  
d i s t a n c e s  above and below t h e  coalbed.  An i n  s i t u  ga s  p r e s s u r e  of 275 p s i  has  
been measured i n  t h e  P i t t s b u r g h  coa lbed ,  and t h e  pe rmeab i l i t y  of  t h i s  bed has  
been found t o  be h igh  compared t o  t h a t  of o t h e r  coal bed^.^ F u r t h e r ,  i n  a  num- 
be r  of  mines where ga s  w e l l s  a r e  l oca t ed  i n  t h i s  coa lbed ,  s i g n i f i c a n t  b leed  
o f f  of  methane through the  w e l l  b a r r i e r  has  been found.6 However, because of 
t h e  h igh  i n  s i t u  ga s  p r e s s u r e  and pe rmeab i l i t y  o f  t h e  P i t t s b u r g h  coa lbed ,  con- 
s i d e r a b l e  d e g a s i f i c a t i o n  can be e f f e c t e d  over  a  s i g n i f i c a n t  a r e a  i f  accom- 
p l i s h e d  ahead of  mining. The procedure cons idered  i n  t he  p r e s e n t  s tudy  
i nvo lves  t h e  d r i l l i n g  of long ho l e s  i n  t h e  coalbed from t h e  en la rged  bottom of 
a  borehole ;  t h e  gas  then i s  b led  through a  p ip ing  system t o  t h e  s u r f a c e  and 
vented (or  u t i l i z e d ) .  

Desp i te  t h e  u se  o f  methane d e t e c t o r s  mounted on cont inuous  miners  f o r  
au tomat ic  d i s connec t i on  o f  power a t  2  pe rcen t  methane c o n c e n t r a t i o n ,  i g n i t i o n s  
do occur  a t  t he  f a c e  and c r e a t e  an  explos ion  hazard.  A d d i t i o n a l l y ,  r e s u l t a n t  
s toppages reduce t h e  p roduc t ive  t ime;  t h i s  i n  t u r n  reduces  t h e  r a t e  o f  advance 
i n  mining wi th  consequent lower produc t ion  and h ighe r  c o s t s .  The handl ing of  
methane i n  t h e  development of ve ry  gassy  coalbeds w i t h  v e n t i l a t i o n  a i r  a l o n e  
i n  compliance wi th  t h e  1969 Act i s  extremely d i f f i c u l t ,  i f  n o t  t o t a l l y  imprac- 
t i c a l  w i th  e x i s t i n g  technology. While t h e  d r i l l i n g  of d e g a s i f i c a t i o n  h o l e s  i n  
a  coalbed from t h e  o u t s i d e  headings i n  one o r  more s e t s  of main headings being 
developed i n t o  v i r g i n  a r e a s  h a s  been at tempted i n  a  number of mines over t h e  
p a s t  12 t o  15  yea r s , 7  appa ren t l y  t h e  technique desc r ibed  i n  t h i s  paper has  n o t  
been undertaken i n  t h i s  count ry .  
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THE MULTIPURPOSE BOREHOLE 

The borehole  u t i l i z e d  i n  t h i s  s t udy  i s  l oca t ed  i n  t h e  b a r r i e r  p i l l a r  130 
f e e t  e a s t  of t h e  o u t s i d e  heading o f  a  p ro j ec t ed  s e t  o f  10 ,  3  South Mains head- 
i ngs .  F igu re  1 shows t h e  l o c a t i o n  t o  be approximately 1 m i l e  from t h e  e x i s t -  
i n g  f a c e s  of 3  South Mains. The borehole  has  been des igna ted  a s  being 
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7 ~ ~ ~ n d ~ t o n e ,  W. N .  P r i v a t e  c o m u n i c a t i o n ,  1973. Ava i l ab l e  upon r e q u e s t  from 
Stephen Krickovic ,  Bureau o f  Mines, P i t t s b u r g h ,  Pa. 

Sp ind l e r ,  G .  R . ,  and W .  N.  Poundstone. Experimental  Work i n  t h e  Degas i f i c a -  
t i o n  of t he  P i t t s b u r g h  Coal Seam by Hor izonta l  and V e r t i c a l  D r i l l i n g .  
Trans.  AIME,  v .  220, 1961, pp. 37-46. 



FIGURE 1. - Location of multipurpose borehole in  virgin Pittsburgh coalbed. 



multipurpose because a f t e r  completion of d e g a s i f i c a t i o n ,  o r  when 3 South Mains 
headings have been developed t o  the  borehole,  i t  may be used a s  an in t ake  a i r -  
way and l a t e r  a s  a r e t u r n  airway. S t i l l  l a t e r ,  when the  p i l l a r  l i n e  has been 
e s t a b l i s h e d ,  t he  borehole can be used t o  degas i fy  t h e  gob a rea  nearby. While 
serving a s  an in t ake  airway, t he  borehole may be used a s  an escapeway i n  an 
emergency, with power cab le s  and comunica t ion  l i n e s  i n s t a l l e d  i n  the  two 
d e g a s i f i c a t i o n  p ipes  located ou t s ide  of t h e  48-inch-OD cas ing .  

V e r t i c a l  D r i l l i n g  Operations 

The multipurpose borehole was d r i l l e d  wi th  a spec ia l i zed  r i g .  A l l  major 
components of the  d r i l l i n g  assembly and support ing equipment a r e  l i s t e d  i n  the  
appendix. Views of t he  d r i l l i n g  r i g  and mud and c l a r i f i c a t i o n  ponds a r e  shown 
i n  f i g u r e s  2 and 3 .  

A f t e r  p repa ra t ion  of an access  road,  a s tandard NX co re  hole  was d r i l l e d  
a t  the  c e n t e r  of the  multipurpose borehole l o c a t i o n  t o  determine the  cha rac te r  
of t he  super jacent  s t r a t a ,  t h e  th ickness  of t h e  coalbed,  and the  depth t o  the  
bottom of the  coalbed. Figure 4 shows t h e  co re  hole  record which the  d r i l l e r  
used a s  a guide i n  determining t h e  e x t r a  weight requi red  on t h e  b i t  a t  each 
change i n  competence of s t r a t a .  Upon completion of t he  cor ing  opera t ion ,  a 
200- by 100-foot s i t e  was prepared and graded f o r  drainage,  480-volt  ac  power 
was provided, and the  d r i l l i n g  r i g  was erec ted  t o  d r i l l  an 84-inch-diameter 
borehole.  This diameter was d r i l l e d  a t  approximately 10 rpm t o  f i rm rock 
(50-foot depth) ,  u t i l i z i n g  reverse-mud a i r - a s s i s t  c i r c u l a t i o n .  Two 60-inch 
Do-nuts (23,400 lb )8  were used on the  7,500-lb d r i l l  b i t  and 16,400-lb, 
84-inch s t a b i l i z e r  t o  provide the necessary c u t t i n g  pressure ;  a s i n g l e  sho t  
dev ia t ion  survey was made. 

Two r o l l e d  and welded sec t ions  of 74-inch-ID cas ing  (lower 30 f e e t  wi th  
518-inch wa l l  th ickness  and upper 20 f e e t  wi th  112-inch wa l l  thickness)  were 
placed i n  the  hole  on f i rm rock. Type I1 cement, p lus  2 percent  calcium 
ch lo r ide  mixed wi th  5.2 ga l lons  of water per  sack of cement, were pumped i n  
the  annulus through two s t r i n g s  of 2-inch tubing t o  a he igh t  of 5 f e e t  both i n  
the  cas ing  and t h e  annulus. Af t e r  wai t ing  8 hours f o r  t h e  cement t o  harden 
adequately,  the  second grout ing  s t age  was undertaken i n  the same manner a s  f o r  
t he  f i r s t  s t age ,  and completed t o  the  top of t h e  ground where a concre te  pad 
had been poured p r i o r  t o  s t a r t  of d r i l l i n g .  A t o t a l  of 170 sacks of cement 
were used i n  the  f i r s t  s t age  and 380 sacks i n  the  second. The upper 45 f e e t  
of cas ing  had a s a f e t y  f a c t o r  of 2 a g a i n s t  hydros t a t i c  head, wi th  an assumed 
mud weight of 8 .8  l b  per  ga l lon .  This 50 f e e t  of 74-inch cas ing  was i n s t a l l e d  
t o  prevent en t rance  of su r face  water i n t o  the  hole .  

D r i l l i n g  of the  72-inch-diameter borehole was undertaken wi th in  the  
74-inch cas ing ,  and continued t o  the  bottom of the  P i t t sbu rgh  coalbed (789 
f e e t ) ,  again u t i l i z i n g  reverse-mud a i r - a s s i s t  c i r c u l a t i o n  with the  mud weight 
maintained from 8 . 5  t o  9 .5  l b  per  gallon--average v i s c o s i t y  of 30 seconds flow. 
A geolograph was i n s t a l l e d  t o . r e c o r d  depth,  time, and r a t e  of pene t r a t ion .  

'use of t r ade  names or makes and models of equipment i s  f o r  information only 
and does no t  c o n s t i t u t e  endorsement by the  Bureau of  Mines. 



FIGURE 2. - Assembled drilling rig with mud pond. 



FIGURE 3. - Assembled d r i l l i ng  r i g  w i th  c la r i f i ca t ion  pond. 
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Sing l e - sho t  d i r e c t i o n a l  surveys were run  a t  each 30-foot  depth d r i l l e d ,  w i th  a  
Dowel1 sonar  survey run  a t  completion of  d r i l l i n g  t o  o b t a i n  t he  exac t  d i r e c -  
t i o n  and t h e  amount of  d e v i a t i o n  from t h e  v e r t i c a l .  The d e v i a t i o n  was 19 
inches  a t  t h e  depth of 839 f e e t .  

I n  d r i l l i n g  t h e  72-inch h o l e ,  two s e p a r a t e  72-inch s t a b i l i z e r s  (16,400 
and 8,400 l b ) ;  one 60-inch c o l l a r  stem (19,500 l b ) ;  10 Do-nuts (117,000 l b ) ;  
one holddown clamp (800 l b ) ;  and t h e  72-inch d r i l l  b i t  (7,500 l b )  were used.  
The rpm (approximately 10) and Do-nut weigh ts  were v a r i e d  with  competence of 
rock  s t r a t a .  Some d i f f i c u l t y  was encountered i n  t h e  upper s t r a t a  of  s o f t  
s h a l e s  and f i r e  c l a y s  from compaction of t h e  s o f t  m a t e r i a l  between t h e  c u t t e r s .  
I t  was necessary  t o  withdraw t h e  b i t  and r e p l a c e  t h e  c u t t e r s  w i th  a  type more 
s u i t a b l e  f o r  t he  c o n d i t i o n s .  D r i l l i n g  ope ra t i ons  were cont inued 24 hours  per  
day, 7 days a  week; t h e  72-inch ho l e  was d r i l l e d  i n  54 ca l enda r  days.  The 
d r i l l i n g  mud wi th  t h e  c u t t i n g s  was discharged i n t o  t he  upper l a r g e  pond 
( f i g .  2) from which a  d i t c h  was dug approximately 20 f e e t  from the  lower end 
t o  decant  t h e  wate r  and some mud t o  t he  c l a r i f i c a t i o n  pond ( f i g .  3 ) .  

Placement and Grout ing of  Casings 

The 48-inch-ID s t e e l  c a s i n g  was f a b r i c a t e d  i n  50-foot  l eng ths  from AS'LM 
283-58, grade C s t e e l  i n  accordance w i th  ASME Bo i l e r  Code Sec t i on  V I I I ,  d i v i -  
s i o n  1 s p e c i f i c a t i o n s .  The ca s ing  was designed t o  wi ths tand  f u l l  h y d r o s t a t i c  
head,  u s ing  t he  formula: 

P  ( p s i )  = - 
1 - h2 

where P  = h y d r o s t a t i c  p r e s s u r e ,  

E = modulus of e l a s t i c i t y ,  

h = ~ o i s s o n ' s  r a t i o ,  

t = w a l l  t h i cknes s  ( i n c h e s ) ,  

and D = o u t s i d e  diameter  ( i nches ) .  

A s a f e t y  f a c t o r  of 2  was main ta ined ,  a l lowing  f o r  l / 4 - i nch  "out of  roundness" 
and f o r  presence of d r i l l i n g  mud w i t h i n  t he  ca s ing .  

A s  t he  ca s ing  was lowered i n  t h e  h o l e ,  arrangements were made t o  hold a  
s e c t i o n  o r  s e c t i o n s  a t  t h e  top  whi le  t he  nex t  s e c t i o n  was welded. Welding 
was performed by t h e  submerged a r c  fu s ion  method; a l l  f i e l d  welds were X-ray 
i n spec t ed .  Shop welds were inspec ted  a t  random. I r i d ium 192, wi th  a  h a l f -  
l i f e  of 75 days ,  was used f o r  t h e  r ad iog raph i c  i n s p e c t i o n s .  

P r i o r  t o  placement of t he  ca s ing  i n  t h e  h o l e ,  c e n t r a l i z e r s ,  two 4- inch-  
diameter  gas  p i p e s ,  two 3- inch condu i t s  (one f o r  power and communications and 
one f o r  water  pumping sys tem) ,  and 1 /4 - inch - th i ck  s t e e l  p l a t e  t o  provide a  
segment f o r  an a i r  duc t  were welded onto t h e  48-inch ca s ing  ( f i g .  5 ) .  
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FIGURE 5. - Arrangements of centralizers, gas pipes, 
power conduits, and steel plate for air 
duct on 48-inch casing. 

Threaded b u l l  plugs were 
i n s t a l l e d  i n  t h e  bottom of 
the  p ipes  t o  prevent cement 
from en te r ing  them and t o  
f a c i l i t a t e  removal f o r  u se  
of t he  p ipes  a s  planned. 

Af t e r  t he  ca s ing ,  with 
a l l  i t s  acces so r i e s  (394,000 
l b ) ,  was suspended w i t h i n  
16-1/2 f e e t  of the  coalbed 
bottom (826 f e e t  wi th  3 f e e t  
above ground),  sand and 
g rave l  were dropped through 
the  d r i l l i n g  mud to  t h e  bo t -  
tom of t h e  72-inch ho le  t o  
form a l a y e r  10 f e e t  deep. 
Bags of sand were then 
dropped t o  r a i s e  t h e  l a y e r  
a n  a d d i t i o n a l  10 f e e t ,  and 
thereby provide a landing 
f o r  t he  48-inch cas ing .  The 
cas ing  was r a i s e d  and low- 
ered s l i g h t l y  t o  form a good 
s e a l  a g a i n s t  en t rance  of 
cement s l u r r y  during t h e  
subsequent grout ing  opera - 
t i o n ,  and t o  form a p l a t fo rm 
f o r  enlargement of the  bore-  
ho le  bottom. A "hemihead, " 

wi th  a 2-inch r e l i e f  va lve  
and a 1-inch connect ion f o r  
a p re s su re  gage, was welded 
t o  the  top s e c t i o n  of t h e  
48-inch cas ing  t o  prevent  
grout  e n t e r i n g  i n s i d e  t h e  
cas ing  which was f i l l e d  wi th  
d r i l l i n g  mud. The p rede te r  - 
mined excess  s a f e  p re s su re  
w i th in  the  cas ing  was com- 
puted t o  be 34 p s i .  

The d r i l l i n g  mud was 
washed out from t h e  annulus by pumping through t h r e e  equal ly  spaced 2-inch 
p ipes  followed by 40 b a r r e l s  of " d r i l l  f l u sh"  t o  a he igh t  of 120 f e e t  from t h e  
bottom of cas ing .  This s e c t i o n  was grouted immediately through t h e  same 
2-inch p ipes  w i th  cement s l u r r y  equal  i n  s p e c i f i c a t i o n s  t o  t h a t  used i n  g rou t -  
ing  50 f e e t  of t he  74-inch cas ing  a t  t he  top  of t h e  borehole.  A f t e r  the  
2-inch p ipes  had been r a i s e d  from the  bottom of t h e  48-inch cas ing  and the  
g rou t  allowed t o  s e t  f o r  16 hours ,  d r i l l i n g  mud i n  another  s e c t i o n  of t h e  
annulus was removed and t h e  s e c t i o n  grouted a s  a l r eady  explained.  The g rou t  



had t o  be s u f f i c i e n t l y  f i r m  t o  p r e v e n t  t h e  2 - inch  p i p e s  from p e n e t r a t i n g  i t ,  
and t h e  p r e s s u r e  o f  t h e  new g r o u t  provided t h e  n e c e s s a r y  s e a l  a t  t h e  j o i n t .  
An i d e n t i c a l  p rocedure  was followed i n  removing t h e  d r i l l i n g  mud and g r o u t i n g  
t h e  remaining annu lus  i n  two more s t a g e s .  The f o u r  s t a g e s  were o f  v a r i a b l e  
l e n g t h s ,  w i t h  each upper one be ing  longer  due t o  a  r e d u c t i o n  i n  t h e  hydro- 
s t a t i c  head.  The maximum p r e s s u r e  recorded  on t h e  hemihead was 30 p s i ,  and 
t h e  hemihead was removed a f t e r  t h e  f i r s t  s t a g e  was g r o u t e d .  

Ta fan 

FIGURE 6. - Perspective view of completed multipurpose borehole. 



V e n t i l a t i o n  and Ho i s t i ng  F a c i l i t i e s  

F igu re  5  shows t h e  segment of t h e  48-inch c a s i n g  arranged f o r  t h e  v e n t i -  
l a t i o n  duc t ;  f i g u r e s  6  and 7 show t h e  t o t a l  v e n t i l a t i o n  duc t  i n  p e r s p e c t i v e  of 
t h e  mul t ipurpose  borehole  w i th  a d a p t e r s  on top and bottom, and d e t a i l s  o f  t h e  
en la rged  bottom of borehole ,  r e s p e c t i v e l y .  F igu re s  8  and 9  show t h e  l o c a t i o n s  
of t h e  v e n t i l a t i o n ,  h o i s t i n g ,  and gas  pumping f a c i l i t i e s  on t h e  s u r f a c e .  

A Buf fa lo  t ype  CB blower was i n s t a l l e d  f o r  exhaus t ing  du ty  i n  a  s t e e l  
b u i l d i n g ,  t o g e t h e r  w i t h  a  40-hp, pe rmi s s ib l e  a c  motor and c o n t r o l ,  and a V-bel t  
d r i v e  t o  o b t a i n  a  maximum a i r  volume of 9,000 cfm a t  12-inch wate r  gage. 

A l l  h o i s t i n g  was accomplished by a  s i n g l e  drum mine h o i s t  (30-inch diam- 
e t e r  by 24-inch f a c e  w i th  6-1/2-inch f l a n g e ) ,  model S-4000-300 manufactured by 
t h e  Coeur d lAlene  Co.,  Spokane, Wash. The h o i s t  was powered by a  pe rmi s s ib l e  
50-hp motor;  w i th  t h e  power t r a n s m i t t e d  through a  Sans t rand  f low pump and a  
Houda i l l e  p i s t o n - t y p e  h y d r a u l i c  system. I t  h a s  a  c a p a c i t y  of  8,000 l b ,  and 
was equipped w i th  7/8- inch rope ,  overspeed,  o v e r r i d e ,  au tomat ic  b rak ing  f a c i l -  
i t i e s  and s implex c o n t r o l s .  Allhoistingequipmentwashousedina s t e e l  b u i l d i n g .  

coal  

k-14 ft4 

FIGURE 7. - De ta i l s  of enlarged bottom of borehole. 
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FIGURE 8. - Surface plant layout of multipurpose borehole. 

A t r i pod  headframe f a b r i c a t e d  from Schedule 80 s t e e l  p ipe ,  having two 
l e g s  6-5/8 inches and t h e  t h i r d  l e g  8-518 inches i n  diameter ,  was i n s t a l l e d  
over t h e  borehole.  The p u l l e y  was loca ted  30 f e e t  9 inches above t h e  top of  
t he  conc re t e  pad and 40 f e e t  from the  h o i s t  drum. The headframe was anchored 
t o  t he  conc re t e  pad, 20 by 20 by 3 f e e t  t h i c k  ( f i g s .  8 and 9 ) .  A l l  h o i s t i n g  
f a c i l i t i e s  were cons t ruc ted  t o  meet t he  requirements a s  s e t  f o r t h  on page 36 
of t he  Mandatory Sa fe ty  Standards,  Underground Coal Mines, T i t l e  30, Code of 
Federa l  Regulat ions,  P a r t  75, March 30, 1970-December 31, 1972. 



FIGURE 9. - Photograph of the surface plant. 

Horizontal Drilling Operations 

Before the drilling operations could be undertaken in the coalbed, the 
bags of sand and the gravel were removed by hand loading into a 36-inch-deep, 
steel shaft bucket, especially constructed to fit within the available space 
in the 48-inch casing. Progressively, as these materials were removed, the 
borehole was enlarged on a 34" angle to a 14-foot diameter on top and bottom 
of the coalbed. All excavation was done with pavement breakers and chipping 
hammers for safety reasons. During this operation, water was usually pumped 
to the surface by a deep well pump and, at times, by bailing into the hoisting 
bucket. Also, the ventilation duct adapter was installed and reinforced flex- 
ible tubing attached to it for movement to each hole as drilling was started. 
The sloping rock section was bolted with 5/8-inch-diameter, 7-foot-long, steel 
bolts drilled on 4-foot centers on two circumferential lines (figs. 6 and 7), 
and coated with a 2-inch-thick layer of reinforced gunite. Because the coal 
surface area was wet continuously, it was not gunited. The ventilation facil- 
ities were adequate to maintain methane concentration under 1 percent during 
drilling operations. All work so far described below the 48-inch casing was 
performed in two 10-hour shifts 6 days a week for approximately 12 weeks. 

The degasification holes were drilled in the coalbed with a Sprague and 
Henwood model 40CL drilling machine powered by a 20-hp Ingersoll-Rand air 
motor through a standard four-speed gear box. The machine base was anchored 
to bolts drilled in the coalbed near the bottom in the direction of drilling. 
Control of torque, drilling speed, and thrust was not possible with this unit. 





approximately 400 f e e t ,  t h e  5- foo t  packed ho l e  assembly was followed by a  
weighted 5 - foo t  l eng th  of 2-1/2-inch d r i l l  rod and t h e  ho l e  advanced t o  a  
depth of 500 f e e t .  The surveys a t  t h e  500-foot  depth normally i nd i ca t ed  a  
s l i g h t  upward i n c l i n a t i o n .  

Surveying beyond 500 f e e t  was n o t  cons idered  economical because of t h e  
time r equ i r ed  t o  r e p l a c e  t h e  rods  and s t a b i l i z e r s .  A l l  h o l e s ,  except  one, 
were advanced beyond 500 f e e t ,  assuming only minor c h a r a c t e r i s t i c  d e v i a t i o n s  
would be r e a l i z e d  by us ing  t he  two b a s i c  s t a b i l i z e r  assemblies  descr ibed  above. 

Behavior s t u d i e s  of t h e  10- foo t  s t a b i l i z e r ,  followed 10 f e e t  behind wi th  
a  5 - foo t  s t a b i l i z e r ,  i nd i ca t ed  t he  b i t  would drop between 1 and 2  f e e t  i n  
approximately 150 f e e t ,  and a  s i n g l e  5 - foo t  s t a b i l i z e r  would cause a  1- t o  
1 . 5 - f o o t  r i s e  i n  approximately 100 f e e t .  The ho l e s  were advanced i n  excess  of 
600 f e e t  u s ing  the  two-unit  s t a b i l i z e r  assembly ( f i g .  l o ) ,  then changed t o  t h e  
s i n g l e  s t a b i l i z e r  assembly; one h o l e  was d r i l l e d  t o  a  maximum of 850 f e e t .  
The b i t  stopped advancing a t  t h e  850-foot  depth and d r i l l i n g  was stopped and 
no f u r t h e r  advance was made due t o  h igh  c o s t s  involved t o  advance beyond t h i s  
p o i n t  wi th  t h e  equipment used.  No rock c u t t i n g s  were e v i d e n t ,  and i f  t h e  
response  a n t i c i p a t e d  i n  t he  s t a b i l i z e r  a c t i o n  was c o r r e c t ,  the  h o l e  had 
stopped i n  t h e  upper t h i r d  of  t h e  coalbed.  I t  i s  p o s s i b l e  t h a t  l o c a l  concen- 
t r a t i o n s  of  p y r i t e  l e n s e s  could have been encountered i n  t h a t  zone. 

During t h e  d r i l l i n g  of  each ho l e ,  a  f l e x i b l e  tub ing  a t t a ched  t o  t h e  
a d a p t e r  a t  t h e  bottom of  t h e  main a i r  duc t  (segment of 48- inch c a s i n g ) ,  was 
extended t o  t h e  ho l e  w i th  approximately 9,000 cfm o f  a i r  conducted t o  t h e  work 
a r e a .  Methane concen t r a t i on  i n  t h e  d i scharge  of t he  exhaus te r  never exceeded 
1 p e r c e n t .  Upon completion o f  each h o l e ,  a  Bureau-designed mechanical packer 
( f i g .  11) was i n s e r t e d  i n  t h e  h o l e  and t h e  ho l e  was s h u t  i n  t o  p revent  ou t f low 
of ga s  u n t i l  a l l  d e g a s i f i c a t i o n  h o l e s  were completed. The i n  s i t u  p r e s su re  

7 -in schedule 40 pipe 5 f t  long I Vspipe t hreod 7 
I !"$n schedule 40 pipe 7 f  t long 

3-in hex nut 7 

\ '3-in rubber sleeve 
\ 
3-irrod X 1 kin-id X !@-thick 

steel washer, 4 required 

1 1 / 2  pipe union / 

FIGURE 11. - Mechan i ca l  packer assembly for holes i n  coalbed. 



hole was sealed as shown in figure 6, with provision for measuring the gas 
pressure at four equally spaced locations. 
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Dewa ter ing and 
Degasification 

Approximately 
10 gpm of water 
was required to 
flush cuttings out 
of each hole 
drilled in the 
coalbed (fig. 10). 
During drilling 
operations, an air 
displacement pump 
was used to remove 
drill water and 
cuttings from a 
sump in the bottom 
of the large bore- 
hole to the sur- 
face. Subse- 
quently, thebottom 
of the large bore- 
hole was dewatered 
by a 50-gpm, sub- 
mersible pump in a 
sump powered by a 
15-hp, permissible 
ac motor. A 100- 
gpm horizontal 
pump powered by a 
40-hp, permissible 
ac motor was used 
for standby duty. 
A few inches of 
water always cov- 
ered the bottom of 
the borehole. 

A connection 
was made from the 
mechanical packer 
in each degasifi- 
cation hole to a 
Bureau-designed 
water trap at each 
hole, and then to 

FIGURE 12. - Connect ion of degasif icat ion holes through water traps 24-inch-diameter 
and receiver tank on bottom. by 72 -inch-high 



r e c e i v e r  tank.  An o r i f i c e  p l a t e  was i n s t a l l e d  i n  t he  p ipes  between t he  wate r  
t r a p s  and t h e  r e c e i v e r  tank f o r  measuring p re s su re  i n  and flow from each ho l e .  
The two 4- inch  s t e e l  p ipe s  grouted behind t he  48-inch ca s ing  were connected t o  
t he  tank  ( f i g .  12) . 

Figures  8  and 9 show t h e  s u r f a c e  p l a n t  l ayou t ,  i nc lud ing  t he  v e n t i l a t i o n ,  
h o i s t i n g ,  and d e g a s i f i c a t i o n  f a c i l i t i e s .  A Buf fa lo  Forge Co. h igh -p re s su re ,  
low-volume blower,  model 45-1,  type C B ,  ope ra t i ng  a t  3,500 rpm and capable  of 
d e l i v e r i n g  1,500 cfm o f  gas  a t  4  i nches  of  mercury s t a t i c  p r e s su re ,  was 
i n s t a l l e d  t o  a s s i s t  i n  exhaus t ing  t he  gas  from t h e  ho l e s  i n  the  coalbed.  The 
f an  i s  powered by a  d i r e c t  d r i v e  pe rmi s s ib l e  40-hp a c  motor,  wi th  v a r i a b l e  
c a p a c i t y  ob ta ined  through a  " b u t t e r f l y "  va lve  arrangement l oca t ed  a t  the  d i s -  
charge  end of t h e  fan.  The gas i s  piped from the  r e c e i v e r  t ank  on t h e  bottom 
of t h e  borehole  through two 4-inch-diameter s t e e l  p ipe s  extending t o  t he  s u r -  
f a c e ,  and connected by a  6- inch-diameter ,  100-foot- long,  s t e e l  p ipe  t o  a  gas  
pump. The gas  i s  exhausted through the  pump and a  6- inch-diameter ,  40- foo t  
v e r t i c a l  p ipe ,  wi th  t he  gas  flow being d i r e c t e d  i n  t h e  d i r e c t i o n  d i r e c t l y  oppo- 
s i t e  t h e  borehole  and t h e  v e n t i l a t i o n  f an  s e tup .  To d a t e ,  t he  gas  pump has  
n o t  been used,  b u t  w i l l  be  placed i n  ope ra t i on  when t h e  t o t a l  gas  flow drops  
t o  approximately 350,000 c f d .  To t a l  ga s  flow, p r e s su re ,  and time a r e  measured 
by a  Rockwell model T-16, 8 - inch  turbo-flowmeter l oca t ed  on t h e  i n t a k e  s i d e  of 
t h e  gas  pump. Due t o  t h e  presence of mois ture  i n  t h e  gas emi t ted  from t h e  
d e g a s i f i c a t i o n  h o l e s ,  i t  has  been found necessary  t o  i n s u l a t e  t h e  s u r f a c e  
p ip ing  handl ing  t h e  ga s .  

A l l  the  s u r f a c e  p l a n t  ground has  been l eve l ed ,  c l e a r e d ,  graded f o r  good 
dra inage ,  and covered w i th  a  l aye r  of crushed s t o n e ,  and i s o l a t e d  wi th  a  
cyclone- type s t e e l  f ence  and two g a t e s .  I n  a d d i t i o n  t o  t h e  a c  powerline and 
f a c i l i t i e s  p r ev ious ly  de sc r ibed ,  a  d i e s e l  e l e c t r i c  u n i t  has  been i n s t a l l e d  f o r  
u s e  i n  c a s e  of t he  main a c  power f a i l u r e .  This  spa re  u n i t  i s  necessary  t o  
p revent  exces s ive  f looding  of t he  bottom of borehole  i n  t h e  event  of e l e c t r i c  
power f a i l u r e .  

F igure  13  shows the  l o c a t i o n s  of t h e  d e g a s i f i c a t i o n  h o l e s ,  t h e  l eng ths  
and ang l e s  made wi th  r e s p e c t  t o  t h e  f a c e  c l e a t ,  and t h e  r e l a t i o n s h i p  of t h e  
ho l e s  t o  t h e  mul t ipurpose  borehole  and t o  t he  p ro j ec t ed  s e t  of 10 main head- 
i ngs  ( 3  South Mains). 

I n  s i t u  ga s  p r e s su re  and volume measurements a r e  made p e r i o d i c a l l y  ( 7  t o  
10 days) a t  t h e  bottom of t he  borehole .  I n  a d d i t i o n ,  t o t a l  ga s  flow, p r e s s u r e ,  
and time a l s o  a r e  r ead  w i th  t he  turbo-f lowmeter  l oca t ed  on t h e  s u r f a c e .  



c Heodlng M he driven 

FIGURE 13. - Location of degasification holes underground with respect to closest mine 
workings to projected main headings and to face cleat. 

RESULTS AND DISCUSSIONS 
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The i n i t i a l  gas  flow 
r a t e s  (obtained during t h e  
f i r s t  24 hours) from the  
seven 3-inch-diameter ho le s  
d r i l l e d  i n  the  coalbed from 
t h e  bottom of the  mul t ipu r -  
pose borehole a r e  shown i n  
f i g u r e  14 and l i s t e d  i n  
t a b l e  1. I f  we assume t h a t  
ho le s  7 ,  8 ,  and 1 a r e  
sh ie lded  from the  w e l l s  by 
the  o t h e r  ho le s  ( p a r t i c u -  
l a r  l y  2 and 6) , then  the  
i n i t i a l  gas flow r a t e  (GFR) 
i n  t he  absence of t h e  w e l l s  

FIGURE 14. - Calculated trend curve of initial gas emis- would be given by the  
equat ion:  

sion rates from degasif ication holes. 

GFR = (0.18 - 0 . 1  Cos 29) c f m / f p  (1) 

where 0 i s  the  angle  (displacement) measured clockwise from t h e  f a c e  c l e a t  
loca ted  between ho le s  2 and 4 ( f i g .  13) .  A p l o t  of equat ion  1 i s  included i n  



f i g u r e  14. Note i n  p a r t i c u l a r  t he  e f f e c t s  of t h e  d i r e c t i o n a l  pe rmeab i l i t y  on 
t h e  f low;  i n  t h e  absence of w e l l s ,  t he  maximum flow i s  from ho l e s  d r i l l e d  
a long  the  b u t t  c l e a t s  (B) and n e a r l y  perpendicu la r  t o  t he  f a c e  c l e a t s  (F) .  
However, a s  boreholes  t h a t  pass  near  w e l l s  may have flow r a t e s  above t h e  p r e -  
d i c t e d  va lues ,  i t  i s  n o t  s u r p r i s i n g  t o  f i n d  t h a t  t h e  i n i t i a l  flow r a t e s  from 
h o l e s  2  and 4  were approximately twice a s  high a s  those t o  be expected from 
equa t ion  1. F u r t h e r ,  comparing the  flows from h o l e s  4  and 7  (two d i a m e t r i -  
c a l l y  opposed h o l e s ) ,  we s ee  t h a t  t he  flow from ho l e  4 ,  which passes  near  a  
gas  w e l l ,  was about  2 .5  t imes h ighe r  than t h a t  from ho l e  7 ,  which does n o t  
pass  near  a  w e l l .  This i s  i n  l i n e  wi th  e a r l i e r  f i nd ings  on t he  e f f e c t s  of  o i l  
and gas  w e l l s  on emission of methane i n  c o a l  mines .g  

TABLE 1. - I n i t i a l  d a t a  on t he  seven d e g a s i f i c a t i o n  ho l e s  

 a ace c l e a t  i s  app rec i ab ly  more permeable than  t he  much s h o r t e r  b u t t  c l e a t .  

. . . . . . . . . . . . . . . . . . . .  No. of ho l e1 . .  
. . . . . . . . . . . . . . . . . . . . . . . .  Length f t . .  

Gas emission . . . . . . . . . (  1,000 c f d ) . .  
Gas flow per  sq  f t  of c o a l  s u r f a c e  

i n  h o l e s  . . . . . . . . . . . . . . . . . . . .  c f d . .  
Angle of ho l e  wi th  r e s p e c t  t o  f a c e  

c l e a t  . . . . . . . . . . . . . . . . . . . . . . .  deg . .  
Dis tance  from gas  w e l l  . . . . . . . .  f t . .  
Average water  d i s cha rge  . . . . . . g p  m . .  
I n  s i t u  gas p r e s su re  a t  199- f t  
dep th  . . . . . . . . . . . . . . . . . . . . . . . .  s i . .  

A f t e r  the  i n i t i a l  f low r a t e s  were measured, t h e  seven b leeder  h o l e s  were 
connected t o  a  common c o l l e c t o r .  The flow from each ho l e  i s  shown i n  f i g -  
u r e  15. The t o t a l  methane emission from the se  ho l e s  f e l l  f o r  approximately 
50 days and then  began t o  i n c r e a s e  ( t a b l e  2 ) .  I n t e r e s t i n g l y ,  t h e  emission 
r a t e  f e l l  by a  f a c t o r  of 2  ( f i g .  16) whi le  t h e  gas  p r e s s u r e  i n  t h e  coalbed 
f e l l  by a  f a c t o r  of  20 ( f i g s .  17 and 1 8 ) .  However, dur ing  t h i s  pe r iod ,  a  f a i r  
amount of wate r  was removed from the  c o a l  ( t h e  average i n i t i a l  wate r  flow r a t e  
was 6 .2  gpm per  h o l e ;  i n  50 days t h i s  f i g u r e  f e l l  t o  0 . 5  gpm per  h o l e  ( f i g .  19) 
and t h e  gas  pe rmeab i l i t y  of t he  c o a l  i nc r ea sed .  As a  f i r s t  approximat ion,  t he  
t o t a l  emission r a t e s  (MER) a r e  i n i t i a l l y  p ropo r t i ona l  t o  t h e  i n c r e a s e  of t h e  
square  r o o t  of t h e  e lapsed  t ime, t :  

1 
646 
201 

396 

83 .5  
- 

6 . 5  

- 

MER = 
970 

J1 + t-10; 0  < t < 40 days 

l ~ i g u r e  1. 

This  s imple  equa t ion  y i e l d s  va lues  w i t h i n  about  5  pe rcen t  of t h e  smoothed 
(curve)  d a t a  g iven  i n  f i g u r e  16.  

gZabe t ak i s ,  M. G . ,  T. D. Moore, Jr . ,  A .  E .  Nagel, and J .  E .  Ca rpe t t a .  Methane 
Emission i n  Coal Mines: E f f e c t s  of O i l  and Gas Wells.  BuMines R I  7658, 
1972, 9  pp. 



TABLE 2. - Tota l  gas  and water  flows and i n  s i t u  
g a s  p re s su re s  

Although 40 m i l l i o n  cubic  f e e t  o f  gas  was removed i n  80 days from t h e  
v i r g i n  a r e a ,  t he  subsequent p e r i o d i c  read ings  t o  March 13,  1973 ( t o t a l  of  
180 days ) ,  showed t h e  volume t o  have increased  t o  91 m i l l i o n  cubic  f e e t .  This 
i s  equ iva l en t  t o  a n  o v e r a l l  average of s l i g h t l y  over 500,000 c f d  of gas  wi th  
t h e  water  d i scharge  per  h o l e  and i n  s i t u  p re s su re  dropping t o  0.34 gpm and 
12.7 p s i ,  r e s p e c t i v e l y ,  on March 13, 1973. Based on the  average depth o f  
ho l e s  (618 f t ) ,  a t  l e a s t  9,600,000 cubic  f e e t ,  o r  384,000 tons of c o a l  
( 8 - f t  coalbed t h i c k n e s s ) ,  a r e  involved.  Therefore ,  t he  t o t a l  gas  emi t ted  
per es t imated  ton of c o a l  i n  p l a c e  i s  237 cubic  f e e t .  This s i g n i f i c a n t  
volume i s  approximately 98 pe rcen t  of t he  t o t a l  es t imated volume (250 cubic  
f e e t )  of gas  contained i n  a ton  of v i r g i n  c o a l  i n  t h i s  gene ra l  a r e a .  S ince  
t he  d a i l y  gas  emission r a t e  and i n  s i t u  p re s su re  were 538,000 c fd  and 
12.7 p s i g ,  r e s p e c t i v e l y ,  a f t e r  180 days of d e g a s i f i c a t i o n ,  t h e r e  i s  no doubt 
t h a t  gas  l i b e r a t i o n  i s  occur r ing  beyond t h e  average l eng th  of ho l e s .  

I n  s i t u  
gas  

p re s su re ,  
p s i  

203 

190 

18 
18 
17 
11 
10 
10 
13  
13 
13 
13 
13 
12.7 
12.7 
12.7 
12.7 
12.7 
12.7 
12.7 

Average water  
d i scharge  
per  h o l e ,  

~ p m  
6.2 

1 . 3  

1 . 2  
1 .2  

. 8  
9.5 

. 5  

.5  

. 5  

. 5  

.5  

. 5  

. 5  

.45 

.43 

.45 

.44 

.34 

.34 

.34 

Gas 
emission,  
1,000 c fd  

I n i t i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Twenty-four hours  a f t e r  a l l  ho l e s  con- 

...................... nected t o  c o l l e c t o r  
Days a f t e r  above 24 hours:  

10 ..................................... 
20 ..................................... 
30 ..................................... 
40 ..................................... 
50 ..................................... 
60 ..................................... 
70 ..................................... 
80 ..................................... 
90 ..................................... 

100 ..................................... 
110 ..................................... 
120 ..................................... 
130 ..................................... 
140 ..................................... 
150 ..................................... 
160 ..................................... 
170 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
180 ..................................... 

1,121 

971 

720 
511 
464 
444 
460 
490 
438 
529 
500 
543 
480 
4 98 
515 
4 94 
5 18 
509 
529 
538 
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FIGURE 15. - In i t ia l  and subsequent gas f low from each hole. 

Table 3 shows t h a t  8 7 . 7  percent  of  t he  gas  i s  methane. When t h e  d a i l y  emis- 
s i on  r a t e  drops t o  350,000 c f d ,  t h e  gas  pump on t h e  s u r f a c e  w i l l  be a c t i v a t e d  
t o  supplement ~ h e  i n  s i t u  gas  p re s su re .  



ELAPSED TIME, days 

FIGURE 16. - Smooth curve of to ta l  gas emission rates ( a l l  holes connected to  col lector).  

TABLE 3. - Analyses of two samples from total gas emission 

At least 2 years will be required before the 3 South Mains are developed 
to the multipurpose borehole location. Methane emission will be monitored 
periodically during development of the mains to determine the actual area of 
effectiveness of this degasification technique. It is expected that upon 
maximum practical degasification of the area involved, coal can be mined at 
normally maximum rate with no hazards from ignitions and explosions, provided 
normal and properly controlled ventilation is utilized. It is further 
expected that this situation will prevail some distance from the borehole. 

Ga s 
Ethane (C, & ) . . . . . . . . . . . . . . . . . . . .  ppm. . 
Carbon dioxide (CO,) .............p ct.. 
Oxygen (0,) ....................... ct.. 
Ni trogen (N, ) . . . . . . . . . . . . . . . . . . . .  pc t .. 
Methane (CH4) ..................... ct.. 

Regarding the cost effectiveness of the degasification technique used 
in conjunction with the experimental multipurpose borehole, it should be 
recognized that the expense of this study was quite high. For the depths of 
the borehole and the degasification holes used here, the total cost was 
$848,000. Assuming a minimum of 40 minutes' loss of production time per shift  
in development within virgin coal (this loss has been measured in Feder'~1 

Sample 1 
300 
9.5 
0.6 
2.0 
87.9 

Sample 2 
321 
9.0 
1.2 
2.4 

87.4 



TIME, doys 

FIGURE 17. - Initial in si tu gas pressure (no gas flow). 

No. 2  mine because of methane) and an average product ion r a t e  of 4  tons per  
minute ,  160 tons of c o a l  would be l o s t  per s h i f t .  Assuming f u r t h e r  t h a t  
480 tons  of raw c o a l  a r e  produced per  s h i f t  i n  t h e  degas i f i ed  development a r e a ,  
and 320 tons  i f  t he  a r e a  i s  no t  d e g a s i f i e d ,  on a  c l e a n  c o a l  b a s i s ,  t h e  ton-  
nages would become 410 and 275, r e s p e c t i v e l y .  The f a c e  c o s t s  per  s h i f t  i n  
both c a s e s  would be  $450 f o r  a  cont inuous miner o p e r a t o r ,  a  loading machine 
o p e r a t o r ,  a  v e n t i l a t i o n  man, two s h u t t l e  c a r  o p e r a t o r s ,  mechanic, gene ra l  
serviceman, boom ope ra to r ,  and foreman ( a l l  f r i n g e  b e n e f i t s  inc luded) .  The 
f a c e  c o s t s  per  ton of c l e a n  c o a l  would be $1.10 f o r  t he  degas i f i ed  a r e a  and 
$1.62 f o r  t h e  nondegasif ied a r e a ,  o r  a  d i f f e r e n c e  of $0.52 per  ton .  

Using 336,000 tons  of raw coa l  (es t imated wi th  7 - f t  mineable c o a l  t h i c k -  
ness )  a v a i l a b l e  i n  t h e  v i r g i n  a r e a  degas i f i ed  through t h e  ho l e s  d r i l l e d  i n  t h e  
coalbed (286,000 tons  of c l e a n  c o a l ) ,  t he  sav ing  by d e g a s i f i c a t i o n  would be 
$148,000. I t  i s  obvious t h a t  t he  mult ipurpose borehole  i s  too c o s t l y ,  even i f  
t h e  o t h e r  p rog re s s ive  u se s  of t h e  ho l e  a r e  cons idered .  

A much more p r a c t i c a l  approach i s  f o r  c o a l  companies ope ra t i ng  i n  v e r y  
gassy coalbeds t o  cons ider  planning more a i r  s h a f t s  w i th  smal le r  c r o s s -  
s e c t i o n a l  a r e a s  than i s  t h e  i nc reas ing  p r a c t i c e  today. For example, a  
16-foot-diameter ,  conc re t e - l i ned  s h a f t  840 f e e t  deep (same depth a s  t he  
mult ipurpose borehole)  sunk by mechanized convent iona l  method would c o s t  
$650,000 o r  l e s s .  Yearly c o s t  of borrowing t h i s  sum a t  6 percent  i n t e r e s t  
would be $39,000. Thus, t he  sav ings  due t o  t h i s  d e g a s i f i c a t i o n  would pay f o r  
n e a r l y  4 y e a r s '  i n t e r e s t .  Ac tua l ly ,  i t  would be adequate  t o  s i n k  t h e  s h a f t  
3  y e a r s  ahead of need and degas i fy  t h e  v i r g i n  c o a l  by long ho le s  a s  accom- 
p l i shed  i n  conjunc t ion  wi th  t h e  mult ipurpose borehole .  



i n  t he  t o t a l  c o s t .  

Other b e n e f i t s  would 
accrue  a s  a  l e s s e r  number of 
headings should be r equ i r ed  
between a i r  s h a f t s  ( t h e s e  
should be maintained i n  an 
open c o n d i t i o n  t o  t he  f u l l -  
e s  t e x t e n t  p r a c t i c a b l e )  and 
from the  p o s s i b i l i t y  of 
i s o l a t i n g  major pane l s  of 
c o a l  f o r  a t  l e a s t  1 year  and 
p r e f e r a b l y  2  y e a r s  f o r  ga s  
b leed  o f f  p r i o r  t o  mining 
w i t h i n  t h e  pane l s .  I t  i s  
no t  in tended  t o  imply t h a t  
a i r  s h a f t s  should be sunk on 
approximately 2,000- t o  
3 ,000-foot  c e n t e r s ,  bu t  
r a t h e r  t o  c a r e f u l l y  p l an  t h e  
l ayou t  o f  s e t s  of main head- 
i ngs  i n  t h e  whole mine and 
determine t h e  l o c a t i o n s  of  
both i n t a k e  and r e t u r n  a i r  
s h a f t s  r e q u i r e d  f o r  v e n t i -  
l a t i o n  purposes and add i -  
t i o n a l  a i r  s h a f t s  w i t h  t h e  
i n t e n t  of  degas i fy ing  t h e  
coalbed from t h e  bottom of  
each. I t  may be found 
a d v i s a b l e  t o  s i n k  some 
s h a f t s  14 f e e t  i n  d iameter .  
Two compartment s h a f t s ,  i n  
t he  op in ion  of  t h e  au tho r s ,  
a r e  ques t i onab l e  from t h e  
s t andpo in t s  of  s a f e t y  and 
c o s t ,  excep t  pos s ib ly  i n  
some v e r y  unusual  c a s e s .  
I n  c a s e  of a  c a t a s t r o p h e ,  
d e s t r u c t i o n  of t h e  c u r t a i n  
w a l l  a t  t h e  bottom would 
render  t h e  s h a f t  u s e l e s s ;  

approximately 300 f e e t  a p a r t  
and i f  two s h a f t s  were sunk 

210 I 1 I 1 I I 1 1 I 
200 

TIME, days with  t h e  two open c r o s s -  
s e c t i o n a l  a r e a s  equa l ing  

FIGURE 18. - In situ gas pressure (after flow was those  i n  t he  two compart- 

estab l ished). ments,  t h e r e  would be a  
r e l a t i v e l y  smal l  d i f f e r e n c e  
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FIGURE 19. - Average water f low rate per hole. 

CONCLUSIONS 

Based on t h e  r e s u l t s  ob ta ined  i n  180 days,  i t  can be concluded t h a t  t he  
mul t ipurpose  borehole  i s  a  u s e f u l  d e g a s i f i c a t i o n  technique.  I t  i s  v e r y  prob- 
a b l e  t h a t  t h e  f i n a l  d e g a s i f i c a t i o n  w i l l  exceed app rec i ab ly  70 pe rcen t  of t h e  
es t imated  volume of gas  conta ined  i n  1 ton  of v i r g i n  P i t t s b u r g h  coalbed.  How- 
eve r ,  t h e  mul t ipurpose  borehole  i s  q u i t e  expensive;  t h e r e f o r e ,  i t  appears  
a d v i s a b l e  t o  cons ide r  u s ing  t h e  technique of d r i l l i n g  d e g a s i f i c a t i o n  h o l e s  i n  
t h e  coalbed from t h e  bottom of planned a i r  s h a f t s  (sunk by convent iona l  mecha- 
n ized  methods) i n  v i r g i n  c o a l  a r e a s  approximately 3 yea r s  ahead of c l o s e s t  
mine workings.  



APPENDIX. - -DRILLING EQUIPMENT 

The shaft d r i l l i n g  equipment used here was Loffland Brothers rig No. 142. 
This is a specialized drilling rig designed exclusively for shaft drilling 
operations. The major rig components are listed below: 

Derrick: Lee C. Moore; mast 133 feet; 750,000-lb capacity. 

Subs truc tures : Lee C. Moore; 12 feet 4 inches; 450,000-lb casing capacity; 
300,000-lb setback capacity. 

Draw works : Na t ional 75; maximum single line pull 27,330 lb; maximum 
hook load, 10 lines, 576,000 lb. 

Auxiliary brake: Parkersburg 40-inch double hydromatic. 

Engines : Four Czllrinins N855-1'250; 440 int. kW at 1,750 rpm and 
240 coni:. kW at 1,750 rpm driving four Reliance 640 pm dc 
genera tors. 

Desander : San Angel0  12-cone (three units of four cones each). 

Water storage: To comply wi th bid specifications. 

Generators: Two, 37.5 kV-A ac each. 

Rotary table: National 27-1/2-inch. 

Traveling block: National 5 sheave, 300-ton. 

Crown block: Lee C. Moore. 

Hook: Byron Jackson Model 4200, 200-ton. 

Swive 1 : High B. Williams, 2.50-ton, 12-inch ID. 

Special tools: All necessary shaft drilling equipment including: 
1. Drill pipe, 13-3/8-inch OD. 
2. Drill collar and stabilizers, 40-inch. 
3. Flat bottom bits, 84- and 72-inch. 
4. Casing running tools. 

Supporting equipment: 

1. Input draw works, 1,000-hp, 6-speed. 

2. AC powerhouse. 
One ac distribution panel. 
One 4 ac air compressor. 
TWO 671 CMC 125-hp. 
One generator, 50-kW ac. 



Draw work motors .  
Tv~o 400-hp Rel iance  dc motors.  

O i l  r o t a r y  t a b l e ,  27-1/2- inch,  wi th  3 .85  t o  1 r educ t i on .  

DC powerhouse. 
Four NH 250 Cummins 250-hp d i e s e l  d r i v e  engines  w i th  four  4,000-hp 

Rel iance  dc gene ra to r s .  
Engine 1, used only f o r  draw works. 
Engine 2 ,  used f o r  draw works, mud pumps, or  s and l ine  f o r  survey.  
Engine 3 ,  used on ly  f o r  mud pumps. 
Engine 4 ,  used only f o r  r i g  a i r  compressor. 

A i r  compressor.  
Two 750 Joy a i r  compressors d r iven  by two 12-V 71 250-hp General 
Motors Corp. motors.  

Mud pumps. 
Two 14- by 16-inch A l l en  Sherman r o t a r y  pumps d r iven  by two 400-hp 
Rel iance  motors .  

DC swi tch  g e a r .  
E l e c t r i c a l  c o n t r o l s  f o r  standby o p e r a t i o n s .  
Main e l e c t r i c a l  c o n t r o l s  f o r  normal ope ra t i ons .  
Ground o p e r a t o r ' s  c o n t r o l  pane l .  

Rig a i r  compressor.  
One 600-cfm I . R .  a i r  compressor d r iven  by one 400-hp Rel iance  motor.  

Water pump. 
One 2- foo t  by 3- inch B . J .  pump d r iven  by one 20-hp ac  motor.  

Sand1 i n e  . 
One 15 ,000 - f t  5/16-inch w i r e  l i n e  d r iven  by one 400-hp Rel iance  dc 
motor .  

D r i l l  l i n e  spool .  
One spool  w i th  7,500 f e e t  of 1 -3 /8- inch  w i r e  rope .  

Fuel  t ank .  
One 5,000-gal f u e l  tank wi th  2- inch pump. 

Power po l e .  
One power p o l e  w i t h  t h r e e  440-V three-phase  ac  ou tpu t  100-kW 

t r a n s  formers . 




